such as low temperatures and high atmospheric pressure (Jones 2000) . Those conditions could be responsible for increasing their genetic diversity as well their metabolic adaptations (Nagahama and Nagano 2012) . Fungi are very important in marine ecosystems because they participate in recycling organic matter (Wang et al. 2014) . Furthermore, pharmaceutical compounds have been discovered from marine fungi, showing activities such as: anticancer, antibacterial, antiviral, antifungal and antimalarial (Hasan et al. 2015) . Their ecological and pharmaceutical benefits make studying this flora important.
Marine fungi were first studied by Petersen (1905) ; however, there are still very few studies reported to date. The studied fungi were isolated from coastal water, beach sand, mangrove wood and detritus (Kohlmeyer 1979; Jones 2011) . Most studies from deep sediments are from the central basin of India where fungi were isolated from 5000 to 11500 meters deep (Takami et al. 1997; Raghukumar et al. 2010) . Jones (2011) estimated there are 10,000 fungal taxa from the ocean, although only 530 species were reported from 1980 to 1999. More recently, 54 new species were reported from 2000 to 2011 Fell et al. 2011) .
In Mexico there have been a few studies of marine fungi, including fungal isolates from beach sand, sea foam, floating wood and mangrove (Gonzalez et al. 1998; Gonzalez et al. 2000; Gonzalez et al. 2001) ; however, none has been reported from marine sediments under 40 m deep as we did. The aim of this study was to isolate and identify marine halotolerant fungi from sediments of the Southern California Gulf. As well as this, selected fungi were analyzed in order to detect their potential antibacterial activity.
Introduction
Marine microbial biodiversity has been underestimated since there are few organisms that can be cultured. Bacterial metagenomics studies are now discovering new species; however, marine fungi are less well-known than marine bacteria. It is estimated that only 5% have been isolated by traditional methods since they are not able to sporulate and grow (Jones 2011; Jebarak et al. 2012) . Microorganisms which live in sea sediments have special ecological conditions since they must compete with other species, and they have to tolerate physical conditions DNA sequences were aligned using Muscle (Edgar 2004 ) from MEGA 7 software, which was also used for the phylogenetic analysis. ITS and UN-SSU-817/NS4 sequences analysis was conducted using maximum likelihood based on 1000 repetitions of bootstrapping. Trees were obtained based on the Jukes and Cantor model (Jukes and Cantor 1969) with a discrete Gamma distribution of 3 to estimate evolutionary rate differences among sites and Kimura-2 parameter model (Kimura 1980) . All sequences were deposited in the Genbank database (http://www.ncbi. nlm.nih.gov/Genbank/index.html), and their accession number is next to the strain label in figures.
Antibacterial sensitivity test
Antibiosis was performed using filtered (0.45 µm) broth culture after seven days of halotolerant fungi inoculation. Sterile 0.6 mm Whatman™ paper discs were moistened into broth. Discs were placed on Muller Hilton agar plates, previously spread with pathogenic bacteria (E. coli (ATCC ®11775™), Staphylococcus aureus subsp aureus (ATCC®25923™) and Pseudomonas aeruginosa (ATCC®27853™). Plates were incubated for 48 hours at 37°C. Once the incubation time elapsed, the inhibition diameter was measured and recorded. Each assay was performed in duplicate.
Results
A total of 38 filamentous fungal isolates were obtained from 16 sampling stations, whilst no isolates were obtained from the rest of the stations. Of the 38 isolates, 37% were halophilic, 26% no halotolerant, 29% lightly halotolerant, and 8% halotolerant. Only 17 isolates were chosen to be identified since they were able to grow in 100 % seawater.
We were able to identify 14 isolates by sequencing the ITS1-ITS2 (Figure 1 ) and UN-SSU-817/NS4 (Figure 2 ) DNA. We could not identify three isolates, since we did not get any amplification, even when we used other fungal universal primers (ITS4, NS1, NS2, ITS5, LR5, LROR, nuSSUF, nuSSUR). Sixteen strains belonged to the phylum Ascomycota. They were found to represent the following fungal genera: Aspergillus, Cladosporium, Chaetomium, Epiccocum, Talaromyces, Scopulariopsis, Phoma and Phialosimplex) (Figure 3 and 4). Just one fungal isolate belonged to the Basidiomycota phylum (Pheniophora sp) ( Figure 3 d1-d3 ). Phylogenetic analysis grouped most fungi into the clusters species where they were anticipated, having bootstrap support values greater than 70%. m deep using a modified Kahlsico grab sampler (model # 214WA110). Each sample was transferred to a sterile bag (Nasco whirl-pack) and stored at 4 °C. Samples were proportionated by the Becerril-Espinosa group. Samples were diluted 1:10 in 2% saline solution and 0.5% glucose. Dilutions were incubated for 1 h at room temperature (RT). Then, they were inoculated in YEPD agar (1% yeast extract, 2% peptone, 2% dextrose, 2%, agar, ampicillin 50 µg. mL -1 ). Samples were also inoculated in YEPD agar with 50% natural filtered (0.45 µm) sea water (37 ppt). Plates were grown for two months at RT and in darkness, and were examined every 48 h. Mycelia were transferred to new YEPD agar which had been made with 100% sea water. Only the fungi that grew under the last condition were selected. Hyphae and reproductive spores were Lactophenol cotton blue stained for observation and photographed with a light microscope (Motic® B1). Each fungal isolate was labeled from C1 to C42. Experiments were done in duplicate.
Salt tolerant isolates were selected based on the classification of Kohlmeyer and Kohlmeyer (1972) . They divided halotolerancy into 4 categories: Not halotolerant -unable to grow in medium with sea water; lightly halotolerant -able to grow in medium with 50% sea water; halotolerant -able to grow in medium with 100% of sea water; and halophyte -do not grow in medium without sea water.
DNA purification and PCR
Each isolate was cultured for seven days in YEPD broth. Then, their mycelium was collected to be purified DNA using the Michiels et al. (2003) protocol. PCR reactions were performed in a 25 µL volume 1X Go-Taq green master mix (PROMEGA®), 10 µM of each primer [(ITS1 5′-TCCGTAGGTGAACCTGCGG-3′ and ITS2 5′-GCTGCGTTCTTCATCGATGC-3′) (UN-SSU-0817-F 5′-TTAGCATGGAATAATRRAATAGGA-3' and NS4-R 5'-CTTCCGTCAATTCCTTTAAG-3')], 20 ng of DNA, 10 µM of BSA, final concentration. Amplicons were from 200 to 235 bp. Cycling condition were: 1 cycle of 3 min at 95 °C, 30 cycles of: 1 min at 95 °C, 1 min at 59 °C, 1 min at 72 °C, followed by a final extension of 10 min at 72 °C. UN-SSU-0817 and NS4 primers were run at 57.5°C (Martin et al. 2005) . PCR amplicons were verified by 2% agarose electrophoresis and visualized by UV light. They were purified and sequenced by Allele Biotech at San Diego CA, USA. Sequences were subjected to a BLASTn search in the Genbank database of NCBI (National Center of Biotechnology information) to look for species similarity. Unidentified fungi based on molecular techniques (C7, C14 and C37 isolates) were analyzed by their morphology based on existing literature (Kohlmeyer and Kohlmeyer 1972; Ulloa and Hanlin 1978) , and they were found to represent the genus Cladosporium.
Antibacterial activity was shown by two isolates strains: C38 KX219724 identified as Epiccocum sp which inhibited S. aureus (inhibition diameter of 145 mm; Figure  5 a) and E. coli (inhibition diameter of 155mm; Figure  5 b), and Peniophora sp (C11 KX219725) against E. coli (inhibition diameter of 115 mm).
Discussion
To isolate micromycetes from marine sediments, different culture conditions have been tested such as agar types, atmospheric pressure (1-1200 bars), temperatures (5°C or 30 °C) and light or darkness (Roth et al. 1964; Damare et al. 2006; Singh et al. 2010; Singh et al. 2012) . A greater number of fungi being isolated has been achieved using MEA (Malt Extract Agar) diluted to 1:5, 200 bar and 5°C. In this study we used YEPD agar at 100% concentration, and darkness, as these conditions were favorable for the isolation of micromycetes from marine sediments in comparison to other works. Singh et al. (2010) reported 28 micromycetes from 496 sediments, while Damare et al. (2006) isolated 181 micromycetes from 672 sediments. All these studies were carried out in the central basin of India by Roth et al. (1964) and Singh et al. (2010) suggest that the difference in the frequency of micromycetes recovery may be due to the oceanographic conditions where the sediments were collected. In this study we observed that agar nutrients affect the isolation frequency as did the antibiotic, darkness and temperature, since we tested MEA, light, temperatures (25-37ºC) and ampicillin as antibiotic. Phialosimplex sp was needed to culture with Bactrim® because it has a bacterium associated with it, and only this antibiotic was able to inhibit it.
Phylogenetic analysis using ITS1-ITS2 DNA sequences confirmed that the strains are appropriately grouped with the genera previously mentioned, since each clade is well delimited with a bootstrap support of more than 70%. This is also the case for the strains identified by UN SSU 817-NS4 DNA sequences. We can consider that strain C9 belongs to the genus Phoma sp with a bootstrap support of 100%, and the strain C25 belongs to the genus Chaetomium sp with a bootstrap support of 85%.
Ascomycetes have been reported as the most common filamentous fungi in marine sediments (Damare et al. 2006; Jones et al. 2009; Singh et al. 2010) , as was also found in this study. The genera identified as Cladosporium (29%) and Aspergillus (24%) were the most frequent, as was reported by other authors (Damare et al. 2006; Raghukumar et al. 2008; Singh et al. 2010; Singh et al. 2012; Gunde-Cimerman and Zalar 2014) . All isolated fungi in this study have been previously reported in marine samples: Phoma spp (Singh et al. 2012) and Epicoccum spp (Ahumada-Rudolph et al. 2014) isolated from marine 2012). Phialosimplex salinarum was recently reported as a new species, as it was isolated from salt mines in Germany (Greiner et al. 2014) .
Some of the micromycetes found in this work had already been reported in Mexico, such as: Aspergillus spp (sand beach) (Gonzalez et al. 1998; sediments; Scopulariopsis spp (Alias and Jones 2000) from mangroves (Kohlmeyer 1968) , and plant material (Jones et al. 2009; Singh et al. 2012) and Peniophora spp from marine sponges (Bonugli-Santos et al. 2016) . Phialosimplex sclerotialis and P. caninus have recently been reported in deep marine sediments (Singh et al. 
2000)
, Cladosporium spp (sand beach) (Gonzalez et al. 1998) , Phoma spp (sand beach) (Gonzalez et al. 1998) , and mangrove (Kohlmeyer 1968) , Scopulariopsis spp (sand beach) (Gonzalez et al. 1998; Gonzalez et al. 2000) , and sea foam (Kohlmeyer 1968) , and Chaetomium spp (sand beach) (Gonzalez et al. 1998 ). However, there had been no reports on deep marine sediments from Mexico. This is the first report in Mexican marine sediments of: Talaromyces sp, Phialosimplex sp, Epicoccum sp, and Peniophora sp.
Halotolerant strains were analyzed to produce antimicrobial compounds. Of 17 strains, only two genera showed antibacterial activity: Epicoccum sp, against S. aureus and E. coli and Peniophora sp against E. coli. Previous studies reported antibacterial activities from metabolites of marine fungi such as Epicoracine A and B from Epicoccum nigrum (Baute et al. 1978) , masmaric acid from Peniophora latea (Kupka et al. 1982) , Peniophorin A and Peniophorin B from Peniophora affinis (Gerber et al. 1980) , Drosophilin A and Drosophilin A Methyl Ether from Peniophora fastuosa (Teunissen et al. 1997) . It should be noted that all the species of Peniophora spp previously mentioned were isolated from marine sponges and those from this study are from sea sediments. Perhaps our strain was able to produce different compounds due to its different substrate and ecosystem, but more studies are necessary to find out which molecule could be involved.
We were able to isolate and identify seventeen halotolerant fungi. They belonged to the phylum Ascomycota and Basidiomycota (16 and 1 strains, respectively). Cladosporium spp was represented by 29%, Aspergillus spp by 24%, Talaromyces spp by 12% and other species by 35%. Epicoccum sp and Peniophora sp showed antibacterial activity. We report for the first time the presence of: Talaromyces sp, Phialosimplex sp, Epicoccum sp, and Peniophora sp in Mexican marine sediments.
Biodiversity of marine fungi in sea sediments represents a versatile reservoir of bioactive metabolites and potential source of halotolerant genes that could be used in biotechnology. These factors motivated this study that focused on the isolation and identification of these under-researched microorganisms. We emphasize the importance of continuing with this kind of studies in Mexican ecosystems. ,.
